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“…oh brave new world…”

TEMPEST
Titan Exploration and Mapping Plus Enceladus and Saturn Tour
aka Titan Saturn System Mission – TSSM
Science (Jonathan Lunine)
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What Cassini-Huygens Did
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•Saw methane and ethane clouds that varied
•Imaged fluvial channels, lakes, seas
•Sniffed evaporating methane/ethane from ground
•Found evidence for cryovolcanism
•Detected surface deposits of carbon dioxide
•Detected unexpectedly complex molecules high up
•Measured non-synchronous spin: subsurface ocean?



What we now seek to know
• Goal A:  Titan: an Earth-like System: How does Titan’s newly

discovered methane hydrological cycle work? What is the interplay
among the geology, climatology, hydrology, and long-term evolution of
Titan?

• Goal B: Titan’s Organic Inventory - A Path to Prebiological Molecules:
What is the level of complexity of Titan’s organic chemistry in the
atmosphere, within its lakes, on its surface, and in its putative
subsurface water ocean? How does this inventory differ from known
abiotic organic material elsewhere in the Solar System?

• Goal C: Enceladus and Saturn’s magnetosphere: Clues to Titan’s
origin and evolution. What is Titan’s exchange of energy and material
with the Saturn magnetosphere and solar wind? What is the extent of
chemistry that goes on in the Enceladus geysers and what does it say
about the source and the starting materials?

      Goals ---> objectives (long list) -----> measurements (even longer list)
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Science Goals and Objectives
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Titan mission maps to decadal objectives



Orbital Planning Payload

• 1-6 micron hi-res imager and spectrometer (HiRIS)

• Radar altimeter and sounder (TiPRA)

• Polymer mass spectrometer  (PMS)

• Submillimeter sounder (SMS)

• Thermal infrared radiometer and spectrometer (TIRS)

• Magnetometer and plasma package (MAPP)

• Radio science augmented by accelerometry (RSA)
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Model Payload

• HiRIS: surface, atmosphere, interior, Enceladus
• TiPRA: surface, interior
• PMS: atmosphere, magnetosphere, Enceladus
• SMS: atmosphere, magnetosphere, Enceladus
• TIRS: atmosphere, surface, Enceladus
• MAPP: magnetosphere, interior
• RSA: interior, atmosphere

Payload meets the mass allocation
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This orbiter mission alone is a giant leap
beyond the Cassini-Huygens mission

• First exploration of Titan’s agnostosphere: (400-900 km)

• First global mapping of Titan at Mars-Odyssey resolution

• First global topographic information

• First chemical information on heavy polymers in atmosphere

• First identification of organics on surface

• First high repeat rate sensing for clouds and surface activity

• First mapping of complex polymers and detailed temperature
and composition at Enceladus tiger stripes.

Courtesy of Randy Kirk, USGS



Aerobraking/Aerosampling

Atmosphere & Ionosphere

Surface Mapping

Atmosphere Dynamics & Composition

4th 6-Month Cycle1st 6-Month Cycle 2nd 6-Month Cycle 3rd 6-Month Cycle

• Three types of science orbits achieve global coverage
– Atmosphere & ionosphere: identify and measure ions and

neutrals globally for various Sun angles
• Polymer Mass Spectrometer; Magnetometer and Plasma

Package

– Surface map: global map in up to 4 colors; global altimetry
with better than 10-m accuracy; surface spectroscopy

• High-Resolution Imager and Spectrometer (near IR); Titan
Penetrating Radar Altimeter; Magnatometer And Plasma
Package

– Atmosphere dynamics and composition: measure
temperatures, composition, and winds, globally

• Thermal IR Spectrometer; Sub-Millimeter spectral Sounder
• Maintain each orbit type for one Titan revolution (16

days); reset at 6 month intervals
Example scenario demonstrates achievement of
science objectives

Titan Orbiter Example Science Scenario
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The stay of the
Cassini-Huygens
mission on the surface
of Titan was
unfortunately brief; but
this moon of Saturn is
the locale that is
arguably likely to
support exotic life.

Limits of Organic Life,
National Research Council.

2007

Courtesy of Randy Kirk, USGS


